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VALUE CONTROL SYSTEM FOR MACHINE TOOL 



Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, please amend the above-identified application as follows: 

IN THE SPECIFICATION : 

Page 25, please delete the first full paragraph, and replace it with the following: 

When the fact of a binary mode has been stored in the analysis processing, the process 
proceeds to the binary program processing. In this case, a block number (a data index) of binary 
data to be delivered to the servo control section 103 is updated (step ST39), and it is confirmed 
whether the binary data in the buffer memory unit 101 has been finished or not. In other words, 
it is confirmed whether the buffer memory unit 101 is empty or not (step ST40). When the 
buffer memory unit 101 is not empty, the binary data is copied into a servo communication 
transmission buffer (step ST44), and a servo communication processing is carried out (step 
ST45). In this case, in the communications carried out with the servo control section 103, not 
only the absolute position command but also the move quantity obtained by interpolating the 
move quantity up to the absolute position in the position control period of the servo control 
section 103 is transmitted. 
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Preliminary Amendment 

PCT/JP99/07108 

Page 25, please delete the second paragraph extending onto page 26, and replace it 
with the following: 

When the buffer memory unit 101 is empty, it is checked whether the binary program has 
been finished or not (step ST41). When the binary program has been finished, the binary mode 
is canceled (step ST42), and a request for analyzing the next block is issued (step ST46). On the 
other hand, when the binary program continues, the pointer is updated to the next data buffer 
storage destination pointer (step ST43). In order to read new binary data, the request for 
analyzing the next block is set up (step ST46), and the binary data is set up in the analysis 
processing. 
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REMARKS 

Entry and consideration of this Amendment is respectfully requested. 



Respectfully submitted, 
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Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 

Date: March 12, 2002 
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APPENDIX 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE SPECIFICATION : 

The specification is changed as follows: 

When the fact of a binary mode has been stored in the analysis processing, the process 
proceeds to the binary program processing. In this case, a block number (a data index) of binary 
data to be delivered to the servo control section 103 is updated (step ST39), and it is confirmed 
whether the binary data in the [data buffer] buffer memory unit 101 has been finished or not. In 
other words, it is confirmed whether the [data buffer] buffer memory unit 101 is empty or not 
(step ST40). When the [data buffer] buffer memory unit 101 is not empty, the binary data is 
copied into a servo communication transmission buffer (step ST44), and a servo communication 
processing is carried out (step ST45). In this case, in the communications carried out with the 
servo control section 103, not only the absolute position command but also the move quantity 
obtained by interpolating the move quantity up to the absolute position in the position control 
period of the servo control section 103 is transmitted. 

When the [data buffer] buffer memory unit 101 is empty, it is checked whether the binary 
program has been finished or not (step ST41). When the binary program has been finished, the 
binary mode is canceled (step ST42), and a request for analyzing the next block is issued (step 
ST46). On the other hand, when the binary program continues, the pointer is updated to the next 
data buffer storage destination pointer (step ST43). In order to read new binary data, the request 
for analyzing the next block is set up (step ST46), and the binary data is set up in the analysis 
processing. 
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SPECIFICATION 



TITLE OF THE INVENTION 

Numerical value control processing method and 
5 Numerical value control system for machine tool 

TECHNICAL FIELD 

This invention relates to a numerical value control 
processing method and a numerical value control system for 
. 10 a machine tool. 

BACHGROUND ART 

Along the increasing complexity and higher precision 
in the shapes of products, the frequency of using a CAD 

15 (Computer Aided Design) system and a CAM (Computer Aided 
Manufacturing) system has increased in order to efficiently 
prepare work programs of numerical value control units for 
machine tools. In the work programs prepared by using the 
CAD/CAM systems, there is a case where command blocks of 

20 short move quantity like a few millimeters or less are 

\ continuously disposed at portions like curves. 

According to a conventional general numerical value 
control unit, a work program analyzing section analyzes the 
contents of a program commanded by a block, each time when 

25 the command information is read by one block . Then, amachine 



control section controls a machine movable part by carrying 
out interpolation and acceleration/deceleration 
processing. 

In the case of a normal work program, a numerical value 
control unit analyzes a program in advance in the work program 
analyzing section, and a status that a result of the analysis 
is stored in a data buffer is maintained. However, in the 
case of a work program in which command blocks of short move 
quantity like a few millimeters or less are continuously 
disposed, the machine control section executes each command 
block faster than the work program analyzing section analyzes 
the program. As a result, there occurs such a phenomenon 
that the data inside the data buffer is kept consumed, and 
the data becomes empty in the data buffer. 

As explained above, when a short command block 
immediately before has been executed in a short time, the 
next command is not in time . When the numerical value control 
unit cannot analyze the program in time, the forwarding of 
a tool between the blocks stops temporarily, and a cutter 
mark is attached to a product. This brings about the 
aggravation of the product quality. Further, this also 
gives bad effects to the production efficiency, such as the 
cycle time becomes longer. 

For avoiding the temporary stopping of the tool between 
the blocks, according to the conventional numerical value 



control unit, it is necessary to lower the speed of forwarding 
the tool in line with the program analysis capacity of the 
numerical value control unit. This results in not being 
able to achieve the high-speed processing performance of 
the machine tool . 

In order to solve the above problems, a numerical value 
control (NC) system has been proposed as disclosed in 
Japanese Patent Application Laid-open Publication No. 
63-26707. This numerical value control system will be 
explained below with reference to Fig. 13. This numerical 
value control system comprises a numerical value control 
unit 10, a buffer memory unit 12 installed separately from 
or attached to the numerical value control unit 10, for 
storing NC work data, a work program supplying unit 14 for 
supplying a work program, a high-speed NC data preparing 
unit 16 for converting a predetermined NC work data into 
a high-speed NC work data according to a high-speed work 
command from the NC work program supplied from the work 
program supplying unit 14, and a group of driving motors 
18 that are operated according to NC work command data 
supplied from the numerical value control unit 10. 

The work program supplying unit 14 and the high-speed 
NC data preparing unit 16 are connected to each other via 
an interface unit 20. Similarly, the high-speed NC data 
preparing unit 16 and the buffer memory unit 12 are connected 



to each other via a similar interface unit. The high-speed 
NC data preparing unit 16 has a data receiving section 24, 
a high-speed NC data processing section 26, and a data 
transmitting section 28, as shown in Fig. 14. 

A work program supplied from the work program supplying 
unit 14 includes both an NC work command for executing an 
NC work in a normal or standard speed mode and an NC work 
command for executing an NC work in a high-speed mode . When 
an NC work program that includes a high-speed work command 
has been supplied to the data receiving section 24 of the 
high-speed NC data preparing unit 16, the high-speed NC data 
preparing unit 16 transmits an NC command data to the data 
transmitting section 2 8 via the high-speed NC data processing 
section 26 or by bypassing the high-speed NC data processing 
section 26 . In the case of a high-speed mode , the high-speed 
NC data processing section 26 interpolates the NC command 
data, and converts the data into a binary move command data 
that can be directly supplied to a servo control section 
within the numerical value control unit 10. 

The high-speed NC data preparing unit 16 is a unit 
which prepares the data that can be directly supplied to 
the servo control section within the numerical value control 
unit 10, in advance at high speed by a processing unit that 
is separate from the numerical value control unit 10. This 
system is a numerical value control system that can omit 



»u 11 -i> ii n - it - it « if «u it • ii v — ii u - n - ti 

« M ^ » CT- m S«P *3, M ST, 

5 

all the interpolation processing of the numerical value 
control unit 10. Based on this arrangement, it is possible 
to carry out the automatic processing with high efficiency. 

However, when a work program has continuous command 
blocks of short move quantity, there is a case where even 
the above numerical value control system cannot obtain a 
target tool forwarding speed or a target work rotation speed 
by maintaining sufficient processing precision. 
Consequently, there is a limit to obtaining more increase 
in the processing speed of a machine tool. 

This invention has been achieved in order to solve 
the above problems . The invention has an object of providing 
a numerical value control processing method and a numerical 
value control system capable of further increasing the 
processing speed of a machine tool, in the execution of a 
work program that has continuous command blocks of short 
move quantity. 

DISCLOSURE OF THE INVENTION 

This invention can provide a numerical value control 
system that controls a machine tool, by calculating a move 
command from a work program or a work data for a numerical 
value control unit, and directly inputting the move command 
to a servo control section within the numerical value control 
unit from the outside of the numerical value control unit, 



wherein the numerical value control system comprises at the 
outside of the numerical value control unit: an analyzing 
unit which analyzes a work program or a work data; and an 
interpolating unit which carries out interpolation for each 
axis in a position control period of the servo control section 
based on output information from the analyzing unit and cut 
conditions, whereby the numerical value control system 
controls a machine tool by directly inputting a move command 
of a binary format prepared in advance by the interpolating 
unit, to the servo control section within the numerical value 
control unit . 

Accordingly, at the outside of the numerical value 
control unit, it is possible to carry out interpolation in 
a position control period of the servo system shorter than 
a machine control period of the numerical value control unit . 
As a result, it is possible to further increase the processing 
speed of the machine tool, in the execution of a work program 
that has continuous command blocks of short move quantity. 

Further, this invention can provide a numerical value 
control system that comprises at the outside of the numerical 
value control unit : a speed information generating unit which 
generates speed information per unit time in advance by 
carrying out acceleration/deceleration processing to 
interpolation data output from the interpolating unit, 
whereby the numerical value control system controls a machine 



tool by directly inputting a move command of a binary format 
including the speed information prepared in advance by the 
speed information generating unit, to the servo control 
section within the numerical value control unit. 

Accordingly, it is possible to carry out not only the 
analysis processing of the work program but also the 
acceleration/deceleration processing, in advance, at the 
outside of the numerical value control unit. As a result, 
it is possible to further reduce the load of the numerical 
value control unit, and it becomes possible to achieve a 
processing at a faster speed and in higher precision. 

Further, this invention can provide a numerical value 
control system that comprises at the outside of the numerical 
value control unit: a feed-forwarding unit which absorbs 
a delay of a servo system in data output from the speed 
information generating unit, whereby the numerical value 
control system controls a machine tool by directly inputting 
a move command of a binary format prepared in advance by 
the feed- forwarding unit, to the servo control section within 
the numerical value control unit. 

Accordingly, it is possible to carry out not only the 
analysis processing of the work program and the 
acceleration/deceleration processing, but also the 
feed-forward processing, in advance, at the outside of the 
numerical value control unit. As a result, it is possible 
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to further reduce the load of the numerical value control 
unit, and it becomes possible to achieve a processing at 
a faster speed and in higher precision. 

Further, this invention can provide a numerical value 
control system that comprises at the outside of the numerical 
value control unit: a database unit having a database memory 
unit for storing a move command in a binary format, cut 
conditions attached to the binary data, and a work program 
or a work data for controlling a numerical value that becomes 
the basis of the binary data, by preparing these data in 
a database; and a database managing unit which manages the 
database memory unit, in such a way that the database unit 
can carry out data communications with the numerical value 
control unit. 

Accordingly, it is possible to manage the binary data, 
the CAD data that becomes the basis of preparing the binary 
data, and the cut conditions, in the form of a database. 
Consequently, it is possible to prepare the binary data from 
the past cut conditions by inputting only the CAD data for 
a change in the shape following an alteration of a design. 
As a result, it is possible to improve the production 
efficiency of the processing system. 

Further, this invention can provide a numerical value 
control processing method that controls a machine tool, by 
calculating a move command from a work program or a work 



data for a numerical value control unit, and directly 
inputting the move command to a servo control section within 
the numerical value control unit from the outside of the 
numerical value control unit, the numerical value control 
processing method comprising the steps of : analyzing a work 
program or a work data, and carrying out interpolation for 
each axis in a position control period of the servo control 
section based on analysis information and cut conditions, 
prior to a processing, at the outside of the numerical value 
control unit; and controlling a machine tool by directly 
inputting a move command of a binary format prepared in 
advance by the interpolation calculation, to the servo 
control section within the numerical value control unit. 

Accordingly, at the outside of the numerical value 
control unit, it is possible to carry out interpolation in 
advance in a position control period of the servo system 
shorter than a machine control period of the numerical value 
control unit . As a result, it i s pos sible to further increase 
the processing speed of the machine tool, in the execution 
of a work program that has continuous command blocks of short 
move quantity. 

Further, this invention can provide a numerical value 
control processing method comprising the steps of: a 
generating speed information per unit time by carrying out 
acceleration/deceleration processing to interpolation data 
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prior to a processing, and preparing a move command of a 
binary format including the speed information prior to a 
processing, at the outside of the numerical value control 
unit; and controlling a machine tool by directly inputting 
the speed information and the move command to the servo 
control section within the numerical value control unit. 

Accordingly, at the outside of the numerical value 
control unit, it is possible to carry out not only the analysis 
processing of the work program but also the 
acceleration/deceleration processing, in advance. As a 
result, it is possible to further reduce the load of the 
numerical value control unit, and it becomes possible to 
achieve a processing at a faster speed and in higher 
precision . 

Further, this invention can provide a numerical value 
control processing method comprising the steps of: carrying 
out a feed-forward compensation calculation for absorbing 
a delay of a servo system in a move command, prior to a 
processing, at the outside of the numerical value control 
unit; and controlling a machine tool by directly inputting 
the feed- forward-compensated move command of a binary format , 
to the servo control section within the numerical value 
control unit . 

Accordingly, it is possible to carry out not only the 
analysis processing of the work program and the 
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acceleration/deceleration processing, but also the 
feed-forward processing, in advance, at the outside of the 
numerical value control unit. As a result, it is possible 
to further reduce the load of the numerical value control 
5 unit, and it becomes possible to achieve a processing at 
a faster speed and in higher precision. 

Further, this invention can provide a numerical value 
control system comprising the steps of: storing a database 
of a move command in a binary format, cut conditions attached 
10 to the binary data, and an NC unit work program or a work 
data that becomes the basis of the binary data, at the outside 
of the numerical value control unit; and controlling a 
machine tool by directly inputting the data of the database, 
to the servo control section within the numerical value 
15 control unit. 

Accordingly, it is possible to manage the binary data, 
the CAD data that becomes the basis of preparing the binary 
data, and the cut conditions, in the form of a database. 
Consequently, it is possible to prepare the binary data from 
20 the past cut conditions by inputting only the CAD data for 
a change in the shape following an alteration of a design. 
As a result, it is possible to improve the production 
efficiency of the processing system. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a block diagram showing one embodiment of 
a numerical value control system according to the present 
invention; Fig. 2 is a flowchart showing a binary conversion 
processing in the numerical value control system according 
to the present invention; Fig. 3 is a flowchart showing an 
analysis processing corresponding to a binary data reading 
in 0 the numerical value control system according to the 
present invention; Fig. 4 is a flowchart of a binary data 
reading in the numerical value control system according to 
the present invention; Fig. 5 is a flowchart of a machine 
control processing corresponding to a binary data in the 
numerical value control system according to the present 
invention; Fig. 6 is an explanatory diagram showing an 
example of a drawing data format that is used in the numerical 
value control system according to the present invention; 
Fig. 7 is a graph showing an example of an interpolation 
processing; Fig. 8 is a block diagram showing an internal 
structure of a f eedf orwarding unit; Fig . 9 is an explanatory 
diagram showing a structure (a data format) of binary data 
that is used in the numerical value control system according 
to the present invention; Fig. 10 is an explanatory diagram 
showing an example of a structure of an axis designation 
flag; Fig. 11 is an explanatory diagram showing an example 
of a work program that is used in the numerical value control 
system according to the present invention; Fig. 12 is an 



explanatory diagram showing a database structure of a 
database unit in the numerical value control system according 
to the present invention; Fig. 13 is a block diagram showing 
a conventional example; Fig. 14 is a block diagram showing 
an internal structure of a high-speed NC data preparing unit 
as a conventional example. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be explained in detail below 
with reference to the attached drawings. Fig. 1 shows one 
embodiment of a numerical value control system according 
to the present invention. This numerical value control 
system has a numerical value control unit 100, a binary data 
preparing unit 110, and a database unit 120. the numerical 
value control unit 100 is connected with servo motors 150a, 
150b, and 150c of various axes that are operated based on 
NC work command data. 

The binary data preparing unit 110 is connected, via 
an interface unit 200 and 201, with a CAD system 130 for 
carrying out preparation and editing of CAD data, and 
outputting a CAD data following a general format, and a cut 
condition input unit 140 which inputs cut conditions. The 
binary data preparing unit 110 processes and converts a 
high-speed work data from the CAD data that has been output 
from the CAD system 130. The binary data preparing unit 



110 and the database unit 120 are connected to each other 
via an interface unit 202. The database unit 120 is for 
storing data prepared by the binary data preparing unit 110. 
This database unit 120 is connected to the numerical value 
control unit 100 via an interface unit 203. 

The binary data preparing unit 110 is composed of a 
work data analyzing unit 111 which analyzes a CAD data from 
the CAD system 130, an interpolating unit 112 which carries 
out interpolation in each position control period of a servo 
system, a accelerating/decelerating unit (speed 
information generating mean) 113 which carries out an 
acceleration/deceleration processing to an output result 
of the interpolating unit 112, and generating speed 
information per unit time in advance, and a f eedf orwarding 
unit 114 which carries out a feed-forward compensation for 
absorbing a delay of a servo system in an output result of 
the accelerating/decelerating unit 113. 

The database unit 120 has a database managing unit 
121 and a memory unit (an external memory unit) 122. The 
database unit 120 stores data prepared by the binary data 
preparing unit 110, into the memory unit 122 based on the 
operation of the database managing unit 12 1 . In other words , 
the database unit 120 prepares a database of a move command 
in a binary format, cut conditions attached to the binary 
data, and an NC unit work program or a work data that becomes 



the basis of the binary data, and stores this database at 
the outside of the numerical value control unit. The 
database unit 120 can give the data of the database directly 
to a servo control section 103 within the numerical value 
control unit 100. 

The numerical value control unit 100 is composed of 
a buffer memory unit 101 which stores an output data from 
the database unit 120 into the memory via the interface unit 
203, a machine control section 102 for managing the data 
within the buffer memory unit 101 and delivering the data 
to the next processing, and the servo control section 103 
for controlling the servo system based on the data delivered 
from the machine control section 102. The numerical value 
control unit 100 can also have a normal work program analyzing 
unit 104. 

In the normal processing, there are sequentially 
carried out a work program analysis processing, a machine 
control processing, and a servo control processing, thereby 
to execute the servo control of motors. However, according 
to the numerical value control system having the above 
structure, the binary data prepared by the binary data 
preparing unit 110 can be directly delivered to the servo 
control section 103 from the database unit 120 via the buffer 
memory unit 101 and the machine control section 102 within 
the numerical value control unit 100, thereby to carry out 



the servo control of the servo motors 150a, 150b, and 150c. 

Next, the operation of the numerical value control 
system and the numerical value control processing method 
according to the present invention will be explained with 
reference to Fig. 2 to Fig. 12. 

When the CAD data of a general DXF format file as shown 
in Fig. 6 has been input to the binary data preparing unit 
110 as an output format of a two-dimensional CAD system, 
the binary data preparing unit 110 carries out a binary data 
preparation processing as shown in Fig. 2, and stores a move 
command in the database unit 120. 

The binary data preparing unit 110 inputs the CAD data 
(step ST1), and checks presence or absence of an input of 
cut conditions from the cut condition input unit 140 (step 
ST2) . When there has been an input of cut conditions, the 
binary data preparing unit 110 writes the cut conditions 
into the database unit 120 by relating the cut conditions 
to the CAD data (step ST3) . On the other hand, when it has 
been decided that there has been no input of cut conditions, 
the binary data preparing unit 110 reads default cut 
conditions relevant to the CAD data from the database unit 
120 (step ST4) . 

Next, the binary data preparing unit 110 extracts 
mainly a shape data of the ENTITIES section in the CAD data, 
by checking the presence or absence of contradiction in the 



CAD data described in the DXF format as shown in Fig. 6, 
and delivers data group at a start point and an end point 
to the interpolating unit 112 (step ST5) . 

Next, the interpolating unit 112 carries out an 
interpolation processing based on the extracted shape data 
a figure, and cut conditions like a rotation speed of a main 
axis, a tool forwarding speed, etc. (step ST 6 ) . 

For the interpolation processing, various kinds of 
processing are carried out depending on the types of 
interpolation and the setting of a coordinate system. Fig. 
7 shows an example of an interpolation processing for 
connecting between two points of a start point and an end 
point provided from the CAD data . In this case, it is assumed 
that a start point S and an end point D are given from the 
CAD data, and a tool forwarding speed is given as a cut 
condition, and that a world coordinate origin of the CAD 
data is handled as a program origin. 

As shown in Fig. 7, the interpolation processing is 
carried out by obtaining a cross point between a straight 
line connecting between the start point S and the end point 
D, and a circle obtained by using, as a radius value, a move 
quantity FAT per position control period (for example 1/4500 
ms) of the servo control section 103 from the given tool 
forwarding speed. A straight line that connects between 
the two points of the start point S (Xs, Ys) and the end 
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point D (Xd, Yd) can be expressed by the following equation 
(1) . 

Y - Ys = (Yd - Ys/Xd - Xs) (X - Xs) •■• (1) 

Further, a position of the move quantity FAT from the 
5 processing start point (Xs, Ys) can be expressed by the 
following equation (2). 

(X - Xs) 2 + (Y - Ys) 2 = FAT 2 ••■ (2) 

Two solutions Pi and P2 are obtained from the equations 
(1) and (2) . An end-point interpolation point Pa is obtained 
10 that is on the line SD, and that satisfies a condition that 
a direction from S to D coincides with a direction from Pi 
to P2 or a direction from P2 to PI. The next interpolation 
point Pb is similarly obtained as a cross point between a 
straight line and a circle having a radius FAT with the 
15 interpolation Pa as a center. After finishing the analysis 
of the interpolation points of the figure, a speed command 
pulse is distributed to each axis. Thereafter, the next 
interpolation point is obtained by using the interpolation 
point obtained this time as a center of a circle. This 
20 process is continued until the end-point coordinates are 
exceeded . 

Next, the accelerating/decelerating unit 113 has the 
speed command pulse distributed to each axis as an input, 
and carries out an acceleration/deceleration processing to 
25 the speed command, when there is a variation in the contents 
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of the speed command (step ST7) . The f eedf orwarding unit 
114 carries out a feed-forward processing based on the speed 
command pulse generated by the accelerating/decelerating 
unit 113 (step ST8) . 

The feed-forward processing is for f eedf orwarding a 
position loop in order to minimize a shape error due to a 
trace delay of a servo system. In other words, a position 
command is differentiated for each position control period, 
and a feed-forward coefficient is multiplied to this 
differential value. Then, a value obtained by this 
multiplication is added to the command, and a result is output . 
Specifically, a calculator 114a as shown in Fig. 8 carries 
out the calculation based on the equation (3). 

f = Fdt (1/t) (FFgain/PGN) •■■ (3) 

In the equation (3) , Fdt represents speed information 
generated by the acceleration/deceleration processing, and 
t represents a position control period of the servo control 
section 103 . A feed-forward gain FFgain and a position loop 
gain PGN are set by parameters. In Fig. 8, 1/s denotes an 
integrator 114b. 

Next, a result of step ST1 to step ST8 is converted 
into binary data (refer to Fig. 9) for each communication 
with the servo control section 103 of the numerical value 
control unit 100 (step ST 9 ) . This binary data is stored 
into the memory unit 12 2 of the database unit 120 (step ST 10) . 
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When the data is stored in the memory unit 122 of the database 
unit 120, it becomes easy to manage the data by relating 
the cut conditions that become the basis of the binary data 
to the CAD data. 

The above binary data preparation processing is 
carried out prior to the processing, and the data is stored 
into the database unit 120. 

The database unit 120 builds up a database in the memory 
unit 1 like a hard disk at the outside of the numerical value 
control unit. Fig. 12 shows an example of a structure of 
a database in the present embodiment . The database managing 
unit 121 realizes the operation of the database in the memory 
unit 122. The database managing unit 121 has a data 
input/output function and a backup function of the numerical 
value control unit 100 and the like. 

Fig. 11 shows a work program for calling a binary data 
obtained at step ST9 . This program is stored into the memory 
within the numerical value control unit 100 in advance. A 
program number designated by a command format "G65 P program 
number, Rl" described in this work program is read from the 
memory unit 122 of the database unit 120, and is stored into 
the buffer memory unit 101 within the numerical value control 
unit 100 . One binary data file is divided into many blocks, 
and these blocks are sequentially written into the buffer 
memory unit 101 of the numerical value control unit 100 from 



the memory unit 122 of the database unit 120 via the interface 
unit 203 in the data format as shown in Fig. 9. 

According to the data format shown in Fig. 9, a total 
number of blocks of a binary data file is stored in the header . 
In the next address, there are stored a number of blocks 
that are transmitted for communications this time, and a 
block number (a header block number) that shows the order 
of a block that is first transmitted in the whole blocks. 
In this case, the number of blocks shows blocks of data that 
are transmitted one time in servo communication unit. 

In the next address, there is stored an axis designation, 
flag that shows an axis to which a command is given out of 
the axes actually connected to the servo system. The axis 
designation flag has data in bit unit as shown in Fig. 10. 
The axis designation flag stores information from bit 0 of 
a first axis to bit 15 of a sixteenth axis. When a bit is 
on, this shows that there exists a command for this axis. 
For example, when bit 0 and bit 2 are on, this shows that 
command data in servo communication unit following the axis 
designation flag are stored in the order of the first axis 
and the third axis. Lastly, the above data are added in 
.two-byte unit, and one is added to this sum. Then, the lower 
two bytes of this data are stored. Thus, a check sum for 
checking whether the communications have been carried out 
normally or not is stored. 
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Fig. 3 shows an analysis processing flow for analyzing 
a command block described in the work program. First, a 
decision is made about whether there is a request for 
analyzing the next block from the machine control section 
102 or not (step ST11) . When there is no request for 
analyzing the next block, the processing is finished. On 
the other hand, when there is a request for analyzing the 
next block, a decision is made about whether a control is 
currently being carried out in binary data or not (stepST12) . 

When a control is currently being carried out in binary 
data, a binary data read processing is carried out (step 
ST13) . When a control based on a normal work program is 
currently being carried out, the next block is read (step 
ST14) , and it is checked whether the next block is an input 
code for calling a binary program or not (step ST15) . When 
the next block is an input code for calling a binary program, 
the fact that the next block is in the binary mode is stored 
(step ST16) , and a binary data read processing is carried 
out (step ST17) . On the other hand, when the next block 
is an input code other than a binary program call request, 
a block analysis processing for analyzing a normal work 
program is carried out (step ST18) . After the above 
processing has been finished, a flag that shows the 
completion of the analysis is set up (step ST19), and the 
processing is finished. 
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Next, the binary program read processing will be 
explained with reference to Fig. 4 . Firstly, it is checked 
whether a space exists in the high-speed processing buffer 
memory unit 101 or not (step ST21) . When there exists no 
5 space, no processing is carried out until when the machine 
control section 102 has consumed the data. When a space 
exists in the buffer memory unit 101, the block number read 
last time is updated, thereby to obtain the next read index 
(step ST22) . When a block is to be read for the first, the 

10 block number is initialized to 1. On the other hand, when 
the reading of blocks has already been in progress, the 
last-read block number is updated to the next block number. 

Next, based on the updated block number, the binary 
data as shown in Fig. 9 is input via the interface unit 203 

15 (step ST23) . The input binary data is stored into the 
high-speed processing buffer memory unit 101 (step ST24) . 

Next, the number of blocks that have been stored into 
the buffer memory unit 101 is updated. In other words, the 
binary buffer counter is incremented (step ST25)* Next, 

20 it is checked whether or not there exists in the buffer memory 
unit 101 data that is N times the quantity of data that are 
servo-communicated in one processing period of the machine 
control section 101 (step ST26) . In this case, the N value 
is determined based on a relationship between the time 

25 required for storing the binary data from the'memory unit 



122 of the database unit 120 into the buffer memory unit 
101 within the numerical value control unit 100, and the 
binary data consumption time. When the communication time 
between the database unit 120 and the buffer memory unit 
101 is slow and the data consumption in the machine control 
section 102 is fast, the N value is set large. Last, the 
number of blocks that have been read up to the present is 
updated (step ST27), and the processing is finished. 

Fig. 5 shows a machine control processing flow of the 
machine control section 102. First, it is checked whether 
the block analysis has been finished or not (step ST31) . 
When the block analysis has not been finished, the next 
processing is waited until when the analysis has been 
finished. When the block analysis has been finished, it 
is checked whether the machine control is being carried out 
based on a binary program or not (step ST32) . When a control 
based on a normal processing is being carried out instead 
of a control based on a binary program, a processing of 
obtaining a move quantity FAT per unit time for each axis 
is carried out (step ST33) . A linear 

acceleration/deceleration processing is carried out based 
on the obtained move quantity FAT (step ST34) . Thereafter, 
a feed-forward processing is carried out (stepST35) . After 
the data has been converted into an absolute position format 
data as an integration value of the move quantity FAT, the 
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data is set to a servo communication buffer (step ST36). 
Then, a communication processing for issuing an absolute 
position command to the servo control section 103 is carried 
out (step ST37) . 

When the fact of a binary mode has been stored in the 
analysis processing, the process proceeds to the binary 
program processing. In this case, a block number (a data 
index) of binary data to be delivered to the servo control 
section 103 is updated (step ST39), and it is confirmed 
whether the binary data in the data buffer unit 101 has been 
finished or not. In other words, it is confirmed whether 
the data buffer unit 101 is empty or not (step ST40) . When 
the data buffer unit 101 is not empty, the binary data is 
copied into a servo communication transmission buffer (step 
ST44) , and a servo communication processing is carried out 
(step ST45) . In this case, in the communications carried 
out with the servo control section 103, not only the absolute 
position command but also the move quantity obtained by 
interpolating the move quantity up to the absolute position 
in the position control period of the servo control section 
103 is transmitted. 

When the data buffer unit 101 is empty, it is checked 
whether the binary program has been finished or not (step 
ST41) . When the binary program has been finished, the binary 
mode is canceled (step ST42), and a request for analyzing 
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the next block is issued (step ST46) . On the other hand, 
when the binary program continues, the pointer is updated 
to the next data buffer storage destination pointer (step 
ST43) - In order to read new binary data, the request for 
analyzing the next block is set up (step ST46) , and the binary 
data is set up in the analysis processing. 

As explained above, the binary data are sequentially 
stored into the buffer memory unit 101 from the database 
unit 120. The machine control section 102 for carrying out 
the interpolation processing and the 

acceleration/deceleration processing only outputs the 
binary data to the servo system, and executes little 
processing. Therefore, it is possible to reduce the load 
of the numerical value control unit 100, and it becomes 
possible to improve the processing capacity of the numerical 
value control unit 100 . Further, as the binary dataprepared 
in advance in the position control period of the servo system 
shorter than the interpolation period of the machine control 
section 102 is used, it becomes possible to carry out a 
high-precision processing . 

Further, as the feed-forward processing is also 
carried out in advance at the outside of the numerical value 
control unit, the load of the numerical value control unit 
100 is further reduced, and it becomes possible to carry 
out a high-speed processing in high precision. Further, 
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it is possible to manage the binary data, the CAD data that 
becomes the basis of preparing the binary data, and the cut 
conditions, in the form of a database. Consequently, it 
is possible to prepare the binary data from the past cut 
conditions by inputting only the CAD data for a change in 
the shape following an alteration of a design. As a result, 
it is possible to improve the production efficiency of the 
processing system . 

In the present embodiment, the input code of a binary 
program is expressed in the code as shown in Fig . 11 . However, 
the input code ofabinaryprogramisnot particularly limited 
to this, and it is also possible to allocate other input 
code. Further, the data format of the database unit 120 
and the numerical value control unit 100 is not limited to 
the one as shown in Fig. 9, and it is also possible to change 
the data format according to the needs. Further, the data 
is not limited to the plane data (CAD data) as shown in Fig. 
6, and it is also possible to process the data to other work 
program or work data. 

INDUSTRIAL APPLICABILITY 

It is possible to utilize the numerical value control 
system and the numerical value control processing method 
according to the present invention to numerical value control 
of various kinds of machine tools. 
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CLAIMS 

1. A numerical value control system that controls a 
machine tool, by calculating a move command from a work 
program or a work data for a numerical value control unit, 
and directly inputting the move command to a servo control 
section within the numerical value control unit from the 
outside of the numerical value control unit, wherein 

the numerical value control system comprises at the 
outside of the numerical value control unit: a analyzing 
unit which analyzes a work program or a work data; and an 
interpolating unit which carries out interpolation for each 
axis in aposition control period of the servo control section 
based on output information from the analyzing unit and cut 
conditions, whereby the numerical value control system 
controls a machine tool by directly inputting a move command 
of a binary format prepared in advance by the interpolating 
unit, to the servo control section within the numerical value 
control unit. 

2 . The numerical value control system according to claim 
1, wherein the numerical value control system comprises at 
the outside of the numerical value control unit: a speed 
information generating unit which generates speed 
information per unit time in advance by carrying out 
acceleration /deceleration processing to interpolation data 
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output from the interpolating unit, whereby the numerical 
value control system controls a machine tool by directly 
inputting a move command of a binary format including the 
speed information prepared in advance by the speed 
information generating unit, to the servo control section 
within the numerical value control unit. 

3 . The numerical value control system according to claim 
2, wherein the numerical value control system comprises at 
the outside of the numerical value control unit: a 
f eedf orwarding unit which absorbs a delay of a servo system 
in data output from the speed information generating unit, 
whereby the numerical value control system controls a machine 
tool by directly inputting a move command of a binary format 
prepared in advance by the f eedf orwarding unit, to the servo 
control section within the numerical value control unit. 

4 . The numerical value control system according to claim 
1, wherein the numerical value control system comprises at 
the outside of the numerical value control unit: a database 
unit having a database memory unit for storing a move command 
in a binary format, cut conditions attached to the binary 
data, and a work program or a work data for controlling a 
numerical value that becomes the basis of the binary data, 
by preparing these data in a database; and database managing 



unit which manages the database memory unit, in such a way 
that the database unit can carry out data communications 
with the numerical value control unit. 

5. A numerical value control processing method that 
controls a machine tool, by calculating a move command from 
a work program or a work data for a numerical value control 
unit, and directly inputting the move command to a servo 
control section within the numerical value control unit from 
the outside of the numerical value control unit, the 
numerical value control processing method comprising the 
steps of : 

analyzing a work program or a work data, and carrying 
out interpolation for each axis in a position control period 
of the servo control section based on analysis information 
and cut conditions, prior to a processing, at the outside 
of the numerical value control unit; and controlling a 
machine tool by directly inputting a move command of a binary 
format prepared in advance by the interpolation calculation, 
to the servo control section within the numerical value 
control unit. 

6. The numerical value control processing method 

according to claim 5, comprising the steps of: generating 
speed information per unit time by carrying out 



acceleration /deceleration processing to interpolation data 
prior to a processing, and preparing a move command of a 
binary format including the speed information prior to a 
processing, at the outside of the numerical value control 
unit; and controlling a machine tool by directly inputting 
the speed information and the move command to the servo 
control section within the numerical value control unit. 

7. The numerical value control processing method 
according to claim 5, comprising the steps of: carrying out 
a feed-forward compensation calculation for absorbing a 
delay of a servo system in a move command, prior to a processing, 
at the outside of the numerical -value control unit; and 
controlling a machine tool by directly inputting the 
feed-forward-compensated move command of a binary format, 
to the servo control section within, the numerical value 
control unit. 

8. The numerical value control processing method 
according to claim 5, comprising the steps of: storing a 
database of a move command in a binary format, cut conditions 
attached to the binary data, and an NC unit work program 
or a work data that becomes the basis of the binary data, 
at the outside of the numerical value control unit; and 
controlling a machine tool by directly inputting the data 
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of the database, to the servo control section within the 
numerical value control unit. 



ABSTRACT 

A numerical value control system that controls a 
machine tool, by calculating a move command from a work 
program or a work data for a numerical value control unit, 
and directly inputting the move command to a servo control 
section (103) within the numerical value control unit (100) 
from the outside of the numerical value control unit (100) . 
The numerical value control system comprises at the outside 
of the numerical value control unit: an analyzing unit (111) 
which analyzes a work program or a work data; and an 
interpolating unit (112) which carries out interpolation 
foreachaxis ina position con trolperiod of the servo control 
section based on output information from the analyzing unit 
(111) and cut conditions , whereby the numerical value control 
system controls a machine tool by directly inputting a move 
command of a binary format prepared in advance by the 
interpolating unit (112), to the servo control section (103) 
within the numerical value control unit (100). 



1/14 



FIG.1 



s 



130 200 



CAD 



1 



_il 40 201 



CUT 
CONDITION 
INPUT UNIT 



I 



110 



BINARY DATA 
PREPARING UNIT 



s 



111 



WORK DATA 
ANALYZING UNIT 



s 



112 



INTERPOLATING 
UNIT 



4 



113 



ACCELERATING/ 
DECELERATING 
UNIT 



s 



114 



FEED- 
FORWARDING 
UNIT 



202 



120 



DATABASE UNIT 
^121 



DATABASE 
MANAGING UNIT 



122 



MEMORY UNIT 



203 



100 



NC UNIT 



101 



BUFFER 
MEMORY 
UNIT 



I 



104 



WORK 
PROGRAM 
ANALYZING UNIT 



S 



102 



MACHINE CONTROL 
SECTION 



103 



SERVO CONTROL 
SECTION 




150a 150b 150c 
SERVO MOTORS 



.10/JQ7JJ.8.61 



2/14 




ST1 



— X — 

STORE CUT CONDITIONS BY 
RELATING THEM TO CAD DATA 


-ST3 


READ DEFAULT CUT - 
CONDITIONS 


-ST4 











ANALYZE CAD DATA 



-ST5 



CARRY OUT INTERPOLATION 
PROCESSING 



•ST6 



ADD ACCELERATION/ 
DECELERATION PROCESSING 



•ST7 



CARRY OUT FEED- 
FORWARD PROCESSING 



-ST8 



CONVERT DATA INTO SERVO 
COMMUNICATION UNIT 



-ST9 



STORE DATA IN THE FORM 

OF DATABASE INTO 
EXTERNAL MEMORY UNIT 



-ST10 



- IQ/JQ7.0B6 3 

«. t?r,~ ^ 



3/14 



FIG.3 




IN BINARY MODE \ No 
AT PRESENT? 



4- 



ST19 



SET UP ANALYSIS 
COMPLETION FLAG 



4- 



ST14 



READ ONE BLOCK 



ST15 




ST16 



STORE THAT NEXT 
BLOCK IS IN 
BINARY MODE 



4- 



ST18 



ANALYZE 
BLOCK 



4- 



ST17 



READ BINARY 
DATA 



x o o ?.j & « x ILfihJf ."^^f'fQkS 6 5 



4/14 




f 






SEND BINARY DATA 
READ REQUEST TO I/O 
PROCESSING 




-ST23 










SET BINARY DATA 
TO BUFFER 


-ST24 










INCREMENT BINARY 
BUFFER COUNTER 


-ST25 




, r $x< , f r 



10/ 07086 

• .w? ffrWc, "f, trr *Vff? «.rr . 



5/14 




FIG.5 



CALCULATE FzlT 
FOR EACH AXIS 



ST39 



UPDATE DATA 
INDEX WITHIN 
BUFFER 



ST34 



CARRY OUT 
ACCELERATION/ 
DECELERATION 
PROCESSING 




ST35 



Yes 



CARRY OUT FEED- 
FORWARD 
PROCESSING 



I 



ST36 



1 



ST44 



COPY BINARY 
DATA TO SERVO 
COMMUNICATION 
BUFFER 



SET DATA TO SERVO 
COMMUNICATION 
BUFFER 



ST37 



SERVO 
COMMUNICATION 
PROCESSING 





ST45 



SERVO 
COMMUNICATION 
PROCESSING 



CANCEL 
BINARY MODE 



4. 



ST43 



SET POINTER 
FOR NEXT DATA 
BUFFER 



REQUEST FOR 
ANALYZING NEXT 
BLOCK 



c 



END 



6/14 



FIG.6 



SECTIONS 
/ENDSEGA 



SECTION 

2 r-r 

CLASS 



ENDSEG 



SECTION . 

ff TAB£i&2 

Tendsec% 



0' 

section 

BLOCKSf 
ENDSEC 



^SECTION 
cE^NpTIES 

tENDSEG? 



SECTION. 
jglBdEGT§ 

"BNOSEOJS 
_ 

EOF 



SETTING OF VARIABLES OF 
HEADER SECTION DRAWING 

(NOT USED IN THE PRESENT 
EMBODIMENT) 



CLASS SECTION 

(NOT USED IN THE PRESENT 
EMBODIMENT) 



TABLE SECTION 

COMMON DATA IN THE DRAWING 
DATA LIKE APPLICATION NAME, 
SIZE STYLE, LINE TYPE, ETC. 



BLOCKS SECTION 
DEFINITION DATA OF 
COMPOSITE FIGURE 

(NOT USED IN THE PRESENT 
EMBODIMENT) 

ENTITIES SECTION 
GRAPH DATA DISPLAYED 
ON THE DRAWING 
LINE, CIRCLE, ARC, ETC. 



OBJECTS SECTION 
STORES DATA OF "GROUP 
(OBJECT GROUP SETTING)" 
AND "MLINE (MULTI-LINE)" 



7/14 



FIG.7 



POINT S: START POINT 
POINT D: END POINT 

POINTS Pa, Pb: INTERPOLATION POINTS 
FAT. MOVE QUANTITY IN EACH 
POSITION CONTROL PERIOD 

FAT 

F^T 



S(Xs,Ys) 



8/14 



FIG.8 



114a 



Fdt 




9/14 



FIG.9 



TOTAL NUMBER OF 
BLOCKS OF BINARY 
PROGRAMS 




NUMBER OF BLOCKS 


HEADER BLOCK NUMBER 


AXIS DESIGNATION FLAG 


ABSOLUTE POSITION COMMAND 


INTERPOLATION F^dT1 


INTERPOLATION F^IT2 


INTERPOLATION F^dT3 


INTERPOLATION F^3T4 


INTERPOLATION F^1T5 


INTERPOLATION F^dT6 


INTERPOLATION Fz3T7 


INTERPOLATION FZIT8 


ABSOLUTE POSITION COMMAND 


INTERPOLATION FZIT1 


INTERPOLATION F AT2 





INTERPOLATION FZIT7 



DATA FOR ONE 
AXIS OF SERVO 
COMMUNICATION 



INTERPOLATION F^dT8 



CHECK SUM 



JL L? O 1*8 £s ~L ^ 0? jfe- @ ^ 0- 3 6 5 



10/14 



o 
o 



CO 

X 
CO < 

< z 
h- o 

5= lu 



CO 
CO >< 
X « 

x O 

U_ CO | — LL 



CO CO 

x >S 

< < 

X x 

LU CO 



CO 

X co 



_ < >< CO g 

x x <x >< 
t x 



g 22 

1— X 



CO 
X 

< 

X 



CO CO 



t 21 X 



LLI 



LJU 
LU 



I— X X LU 

UJ X I- H > 

> ( rj Z Z LU 

LU _ — LU I 

CO LU Z h- LU 



u— : — • u_i 
— i t DC LU 



DC 
X 



X 

< 

X 
H 

UJ 
UJ 

h- 

X 
CO 



z 


z 


2: 


z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z Z Z Z 


LU 


LU 


LU 


LU 


LU 


UJ 


LU 


LU 


LU 


LU 


LU 


LU 


LU LU LU LU 


O 


o 


O 


o 


O 


O 


O 


o 


o 


O 


o 


O 


O O O O 


Z 


2! 


Z 


z 


Z 


z 


Z 


z 


z 


z 


z 


Z 


zzzz 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


UJ 


LU 


LU 


LU 


LU LU LU LU 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO CO CO CO 




CD 


m 


CD 


00 


GO 


CD 


CD 


CD 




DO 


CD 


m m m m 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< < < < 


DC 


DC 


DC 


DC 


DC 


DC 


DC 


DC 


DC 


DC 


DC 


DC 


DC DC DC 0C 


O 


O 


O 


O 


o 


O 


O 


O 


O 


o 


O 


O 


O O O O 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU LU LU LU 


o 


O 


O 


o 


O 


O 


O 


O 


o 


O 


o 


O 


o o o o 


z 


Z 


Z 


z 


ZL 


Z 


z 


Z 


z 


z 


z 


z 


zzzz 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU LU LU LU 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO CO CO CO 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU 


LU LU LU LU 


DC 


DC 


cr 


DC 


DC 


DC 


DC 


DC 


DC 


DC 


DC 


DC 


DC DC DC DC 


CL 


CL 


Q_ 


CL 


CL 


CL 


Q_ 


Q_ 


CL 


CL 


CL 


Q_ 


CL DL Q_ Q_ 



T_l 



o 

T— 

CD 



CM 

o 



CO 

o 



o 



o 



CD 

o 



o 



co 
o 



o 



CM 
CO 

1 — 

in 



11/14 



FIG.11 



GOO G90 X120. Y100.; 
G94S1000; 
G65 P100, R1; n 



G65 P101, R1 
GOO X120. Y150.; 
M30; 



; J CONTROL BASED ON BINARY PROGRAM 



1QVQ7Q861 

, ^ ~X xz, s^. 



12/14 



FIG. 12 



122 





DATABASE 










TABLE INFORMATION 
MANAGEMENT TABLE 




CAD DATA 
INFORMATION 
TABLE 




BINARY 
INFORMATION 
TABLE 


TABLE NUMBER ID 


CAD DATA ID 




BINARY DATA ID 


TABLE NAME 


CAD DATA NAME 




BINARY DATA NAME 


DATE AND TIME OF 
PREPARATION 


. PLANE 
INFORMATION 




NUMBER OF 
ROTATION OF 
MAIN AXIS 


DATE AND TIME 
OF UPDATING 


INTERPOLATION 
INFORMATION 




FORWARDING SPEED 


VERSION 
INFORMATION 






mm/inch 


OFFSET 




SYNCHRONOUS/ 
ASYNCHRONOUS 






PROCESSING 
STARTING POSITION 




CUT DIRECTION 


ACCELERATION/ 
DECELERATION TIME 
CONSTANT 


ROTATION DIRECTION 
OF MAIN AXIS 


NC UNIT NUMBER 









13/14 



FIG.13 



14 20 



WORK PROGRAM 
SUPPLYING UNIT 



s 



16 22 



HIGH-SPEED NC 

DATA 
PREPARING UNIT 



s 



12 



BUFFER 
MEMORY UNIT 



10 



NC UNIT 




SERVO 
MOTORS 



14/14 



FIG. 14 



16 



24 



DATA 
RECEIVING 
UNIT 



4- 



26 



HIGH-SPEED 

NC DATA 
PROCESSING 
UNIT 



4 



28 



DATA 
TRANSMITTING 
UNIT 



Declaration and Power of Attorney for Patent Application 

Japanese Language Declaration 

»ttT!E*01# t LT UT(Dm 0 ft L*t : As a below named inventor, I hereby declare that: 



TIE* Vfi<D3&9l I- H LIB #«6H $ jM*ffFffi«a s 



My residence, mailing address and citizenship are as stated next 
to my name. 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled 



□ ±E»S8tt*lttlI#tfc5V^i pct BBKtfUB# 
% ) 

o 



NUMERICAL VALUE CONTROL PROCESSING 
METHOD AND NUMERICAL VALUE CONTROL 
SYSTEM FOR MACHINE TOOL 



the specification of which is attached hereto unless the 
following box is checked: 

□ was filed on „ 

as United States Application Number or PCT 
International Application Number 

• (Conf No. ) 

and was amended on 

(if applicable). 

I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of Federal 
Regulations, § 1.56. 
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Japanese Language Declaration 



35 H 119 #j(a)-(d)&5 365 ^(b)^g 
o^#Wfc^V^^P^#|jE#^TfB^limil, 365 
*(a)K£-S##B«*<04>fc< t 1 ^I^tfcT 
IS PCT ^HUlii^ov^T<3C>^H«3fe«lSr--^±3i-r5 

tE#<^B'HJJH*>5^tt PCT^StMS£^L£1- 0 



Prior foreign application(s) 



(Number) 



(Country) 

(B£) 



(Number) 

(#») 



(Country) 

<B«) 



(Application No.) 

(ttJ««*) 



(Filing Date) 

(ttUBB) 



(Application No.) 



(Filing Date) 



S«t*Bj£*» 35 120 *tca^#TIB*ffl«Ff» ; ffllS. 
fcSi^tt 365 ^(c)t£g<5#*IH£:ffi3£-r5TfE PCT BBS 

(SH<o#JfiBc&rt#jJs#BifcA* 35 H 112 *<z>*#J<z>JS 
\zMfc£tiZ>-Jjmiz£ 9 5feff*Bife5v^tt PCT SKSWfF 

«^ffl«H^&*«FfFtlill^Hrt*>5VM± PCT (Dti\m 



(Application No.) 

mm**) 



(Application No.) 



(Filing Date) 



(Filing Date) 
(W«H) 



Tdif)C0iM^LtI^5:If Lite 



I hereby claim foreign priority under Title 35, United States 
Code, § 1 19(a)-(d) or § 365(b) of any foreign application(s) for 
patent or inventor's certificate, or § 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below, and have also 
identified below, by checking the box, any foreign application 
for patent or inventor's certificate, or PCT International 
application having a filing date before that of the application on 
which priority is claimed. 



Priority Claimed 



(Day/Month/Year Filed) 

mm^n B) 



Yes 
□ 



□ 



No 

SSL 

□ 



(Day/Month/Year Filed) 

(mm* fin) 

I hereby claim the benefit under Title 35, United States Code, 
§ 119(e) of any United States provisional application(s) listed 
below. 



I hereby claim the benefit under Title 35, United States Code, 
§ 120 of any United States application(s), or § 365(c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code, § 112, 1 
acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, § 1.56 which became available between the filing 
date of the prior application and the national or PCT 
International filing date of this application. 



(Status: patented, pending, abandoned) 



(Status: patented, pending, abandoned) 

mm : VfWf&am. &m*. mmm 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 



: attTE«>*n4#9TSfa(a (uspto) 

fWfct ^IE«*tt5 SUGHRUE MIONfe#*J&@ftf>i- 
#lidrf^ Sughrue Mion j£#*fg0r <D3+(D g SS^S^S 

uspto m&^tvhticmmztifcfrffi^mtt 



POWER OF ATTORNEY: I hereby appoint all attorneys of 
SUGHRUE MION, PLLC who are listed under the USPTO 
Customer Number shown below as my attorneys to prosecute 
this application and to transact all business in the Patent and 
Trademark Office connected therewith, recognizing that the 
specific attorneys listed under that Customer Number may be 
changed from time to time at the sole discretion of Sughrue 
Mion, PLLC, and request that all correspondence about the 
application be addressed to the address filed under the same 
USPTO Customer Number. 



SUGHRUE MION, PLLC 
+ 1 (202)293-7060 




Direct Telephone Calls to: (name and telephone number) 



SUGHRUE MION, PLLC 
(202) 293-7060 





Full name of sole or first inventor 

Takahisa TAN AKA 






"■=izz^-- — — — — — 

Inventor's signature Date 

Feb - 8 ' 2002 


im 


Residence i 

Tokyo, Japan <Qj fly^ 


mm 


Citizenship 

Japanese 


mm* 


Mailing Address 

c/o Mitsubishi Denki Kabushiki Kaisha 

2-3, Marunouchi 2-chome, Chiyoda-ku, TOKYO 1 00-83 1 0JAP AN 




Full name of second joint inventor, if any J 

Kazuo MIZUTANI 




Second inventor's signature Date 


im 


Residence ——7 — / 
Tokyo, Japan c \ 


mm 


Citizenship 

Japanese 




Mailing Address 

c/o Mitsubishi Denki Kabushiki Kaisha 

2-3, Marunouchi 2-chome, Chiyoda-ku, TOKYO 1 00-83 1 0 JAPAN 
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